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ABSTRACT
An e c o l o g i c a l  s tu d y  o f  a temporary  pond was c a r r i e d  ou t  
from March 4 to  J u l y  24,  1970 i n  Windsor,  O n t a r i o .  Twice weekly 
samples were t a k e n  and s e l e c t e d  p h y s i c a l  and chemica l  p a r a m e te r s  
were measured .
I n i t i a l l y  C lo s t e r iu m  s p .  was th e  dominant  p h y t o p l a n k t e r ,  
b u t  a f t e r  May 26 th e  dia toms were dominant .
The dominant z o o p l a n k t e r s  were th e  copepods Diaptomus 
l e p to p u s  and Cyc lops  b i c u s p i d a t u s  thomasi  and th e  c l a d o c e r a n s  Daphnia 
s c h ^ d l e r i . Daphnia pulex  and Moina r e c t i r o s t r i s . Zooplankton  were 
enumera ted  u s in g  a Sedgwick R a f t e r  c o u n t in g  chamber.  A l i n e a r  
c o r r e l a t i o n  was found between t o t a l  c a l a n o i d s  and t o t a l  c l a d o c e r a n s .  
C lu t c h  s i z e  was found to d e c re a s e  w i th  i n c r e a s i n g  w a t e r  t e m p e ra tu r e  
and ev idence  o f  s u p p r e s s i o n  o f  r e p r o d u c t i v e  a c t i v i t y  o f  Diaptomus 
l e p to p u s  by the  c l a d o c e r a n  p o p u l a t i o n  i s  i n d i c a t e d .  Metasomal 
l e n g t h s  o f  D . l e p to p u s  were s m a l l e r  th a n  th o s e  r e p o r t e d  i n  the  l i t e r a ­
t u r e .  The p o s s i b l e  mechanisms o f  o v e r w i n t e r i n g  i n  t h e  absence  o f  
w i n t e r  eggs a re  d i s c u s s e d .
i i
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INTRODUCTION
Few l i m n o l o g i c a l  s t u d i e s  o f  temporary  ponds can be found i n  
t h e  l i t e r a t u r e .  Although t h e  i n v e s t i g a t i o n s  o f  Mozly (1 9 3 2 ) ,  R^en (1 9 5 7 ) ,  
Sawchyn and Hammer (1968) ,  Hammer and Sawchyn (1 9 6 8 ) ,  Hart land-Rowe 
(1966) and Moore (1970) have p ro v id e d  some i n f o r m a t i o n  on temporary  pond 
s p e c i e s ,  d a t a  on s i n g l e  s p e c i e s  i s  l a c k in g .
In  a p r e l i m i n a r y  s tu d y  o f  a temporary  pond i n  Windsor,  O n t a r i o ,  
i n  1969, th e  dominant zoop lank ton  s p e c i e s  were the  C la d o c e ra  Daphnia 
s c h ^ d l e r i , Moina r e c t i r o s t r i s . t h e  c y c lo p o id  Cyclops  b i c u s p i d a t u s  thomasi  
and th e  c a l a n o i d  Diaptomus l e p t o p u s . An i n t e r e s t  i n  Diaptomus l e p to p u s  
o c c u r in g  i n  permanent  a q u a t i c  h a b i t a t s ,  prompted an i n v e s t i g a t i o n  o f  t h i s  
i s o l a t e d  p o p u l a t i o n  under  temporary  pond c o n d i t i o n s .
The f r e s h  w a t e r  c a l a n o i d s  have been w e l l  documented in  t h e  
l i t e r a t u r e ,  i n v e s t i g a t i o n s  i n c l u d e  th o s e  o f  Comita (1 9 5 6 ) ,  Cole  (1 9 6 1 ) ,  
(1966 ) ,  Hazelwood and P a rk e r  ( 1 9 6 1 ) ,  (1963 ) ,  Rober t son  (1 9 6 6 ) ,  Sawchyn 
and Hammer (1 9 6 8 ) ,  Hammer and Sawchyn (1968 ) ,  Healy (1 9 6 7 ) ,  Chapman (1969) 
and Winner (1970 ) .  Winner (1970) has  rev iewed th e  l i t e r a t u r e  f o r  Diaptomus 
l e p t o p u s , S.A. F o rbes ,  1882.
Following the  egg s t a g e  c a l a n o i d  copepods have tw elve  i n s t a r s ,  
t h e  t w e l f t h  be ing  t h e  d e f i n i t i v e  a d u l t .  I n  most  e c o l o g i c a l  s t u d i e s  on 
the  f r e s h  w a te r  c a l a n o i d s ,  no a t t e m p t  has  been made to  s e p a r a t e  the  
n a u p l i a r  and copepodid  s t a g e s .  They a re  u s u a l l y  e i t h e r  o m i t t e d  o r  
grouped  t o g e t h e r  as t o t a l  n a u p l i i  o r  t o t a l  c opepod ids .  E x c e p t io n s  to  
t h i s  a re  t h e  s t u d i e s  o f  Comita (1956) and Main (1 9 6 2 ) .  I n d i v i d u a l  
i n s t a r s  have been d e s c r i b e d  by D i e t r i c h  (1915 ) ,  Ewars (1 9 3 0 ) ,  Wuthrich  
(1 9 4 8 ) ,  and Humes (1955 ) .  More r e c e n t l y ,  C za ika  and Rober t son  (1968)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
examined th e  copepod id  and a d u l t  morphology o f  s e v e r a l  d ia p tom id  s p e c i e s  
o f  t h e  G re a t  Lakes r e g i o n .
The o b j e c t i v e s  o f  t h e  p r e s e n t  s tudy  w e r e : -
1) to  d e s c r i b e  the  l i f e  h i s t o r y  o f  Diaptopums le p to p u s  
under  temporary  pond c o n d i t i o n s ,  and
2) to  a t t e m p t  to  e l u c i d a t e  the- a b i o t i c  and b i o t i c
f a c t o r s  which de te rm ine  th e  v a r i a b l e s  r e s p o n s i b l e
f o r  th e  e s t a b l i s h m e n t  and m a in tenance  o f  the  
p o p u l a t i o n  o f  Diaptomus l e p topus  under  t emporary  
pond c o n d i t i o n s .
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DESCRIPTION OF THE POND
The temporary  pond d i s c u s s e d  i n  t h i s  d i s s e r t a t i o n  i s  l o c a t e d  
on th e  p rem ises  o f  the  s a n i t a r y  l a n d f i l l  a r e a  o f  th e  c i t y  o f  Windsor,
Essex  County,  O n t a r i o ,  a p p ro x im a te ly  200 m e te r s  wes t  o f  Malden Road 
(83°  3 '  36" West and 42° 16'  30" N o r t h ) ,  590 f e e t  (179 .8  m) above s ea  
l e v e l .
The a r e a  was d e s c r i b e d  by R ic h a r d s ,  C a ldw el l  and Morwick (1949 ) ,  
and Oud (1 9 7 0 ) ,  as be ing  p a r t l y  P l a i n f i e l d ,  p a r t l y  B e r r i e n  sand and 
smooth c l a y  o v e r l y i n g  a Devonian l im e s to n e  b a s e .  The a r e a  was p r i m a r i l y  
moulded by g l a c i a t i o n  o f  t h e  P l e i s t o c e n e  and th e  p r e s e n c e  o f  Lake Maumee.
Water  l e v e l s  i n  th e  pond are  m a in t a i n e d  c h i e f l y  by s u r f a c e
r u n o f f  and ground seepage as t h e r e  i s  no i n l e t  o r  o u t l e t .
The l i f e  o f  the  pond i s  l a r g e l y  d e te rm ined  by the  t e m p e r a t u r e  
and p r e c i p i t a t i o n  o f  t h e  p r e c e e d in g  summer and f a l l .  E v a p o ra t io n  i s  
u s u a l l y  s u f f i c i e n t  to  dry t h e  pond w i th  th e  o n s e t  o f  warm summer
t e m p e r a t u r e s  and low p r e c i p i t a t i o n .  The pond d id  n o t  dry o u t  i n  th e
summer o f  1969, b u t  i t  d r i e d  ou t  by J u l y  30 in  1970 and by June  18, 1971.  
The pond has  a s u r f a c e  a r e a  o f  0 .0478 h e c t a r e s  and a d d i t i o n a l  morphometric  
d a t a  can be found i n  Tab le 1, The dimensions  g iv e n  a r e  e s t i m a t e d  f o r  
h ig h  w a t e r  l e v e l s  and are  c o n t i n u a l l y  changing as t h e  pond i s  d ry in g  o u t ,  
F ig .  2.  •
The dominant  emergent  v e g e t a t i o n  Typha a n g u s t i f o l i a  L. c o m p le te ly  
s u r rounded  the  pond.  Typha l a t i f o l i a  L . ,  Alisma s p . ,  and Juncus  sp .  
were a l s o  p r e s e n t .  No f l o a t i n g  s p e c i e s  were p r e s e n t .  Hordium iubatum 
( s q u i r r e l - t a i l  g r a s s )  was p r e s e n t  i n  t h e  su r ro u n d in g  a r e a .
S p e c i e s  o f  i n v e r t e b r a t e s  a s s o c i a t e d  w i th  th e  temporary  pond
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Table  1.  Morphometry o f  t h e  Temporary Pond
P aram e te r
Maximum depth
Maximum l e n g t h
Maximum b r e a d t h
Mean b r e a d t h
Mean dep th  (d)
Area (A) Weight  method
Volume (V = dA)
(Welch, 1948)
Measurement
0.65m
40.20m
12.90m
12.20m
0.55m
0.0478  h e c t a r e s  
2 6 5 . 45nf*
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were th e  c o l e o p t e r a n  D inue tes  s p . ,  t h e  h em ip te ra n s  N o tonec ta  sp .  and 
G e r r i s  sp .  The odona te  nymphs o f  Enal lagma s p .  were common. Aqua tic  
m i t e s  were o c c a s i o n a l l y  found i n  p l a n k to n  samples as were th e  i n s t a r s  
o f  Chaoborus s p .  The f i s h e r  s p i d e r  Dolomedes t r i t o n  was o b s e rv ed  on 
a few o c c a s i o n s .  A l a r g e  p o p u l a t i o n  o f  Cambarus sp .  was a l s o  p r e s e n t .
The v e r t e b r a t e s  i n c l u d e d  t h e  p a i n t e d  t u r t l e  Chrysemys p i c t a . 
Rana p i p i e n s  and a Bufo sp .  Young o f  t h e  y e a r  of  t h e  n o r t h e r n  f a t h e a d  
minnow, Pimephales  promelas  p romelas  were found i n  a few p la n k to n  
samples b u t  n e v e r  i n  l a r g e  numbers.  These were p ro b ab ly  i n t r o d u c e d  by 
b i r d s .
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MATERIALS AND METHODS
A sampl ing  programme was i n i t i a t e d  on March 4,  1970 and 
c o n t i n u e d  to  J u l y  24,  1970 when th e  pond d r i e d  up .  The fo l l o w i n g  
p h y s i c a l ,  chem ica l  and b i o l o g i c a l  samples  were taken  tw ic e  weekly 
a t  10 .30  a.m. a t  a s i n g l e  s t a t i o n  i n  t h e .p o n d  ( F i g .  l ) . A i r  and 
w a t e r  t e m p e r a t u r e s  were d e te rm ined  by a mercury thermometer  to  t h e  
n e a r e s t  0 . 5  °C.  Carbon d i o x i d e ,  oxygen and pH were measured  a t  t h e  
s i t e  u s in g  th e  Hach Chemical  Company p o r t a b l e  t e s t  k i t  f o r  w a te r  a n a l y s i s .  
A l k a l i n i t y ,  c h l o r i d e  as Cl , co p p e r ,  f l u o r i d e ,  h a r d n e s s ,  i r o n ,  n i t r o g e n ,  
p h o s p h a te ,  s i l i c a ,  s u l p h a t e  and t u r b i d i t y  were measured u s i n g  th e  Hach 
Chemical  Company, Water  and Waste Water  a n a l y s i s  as a d a p te d  f o r  t h e  
Bausch and Lomb s p e c t r o n i c  20 and f o r  t i t r a m e t r i c  p r o c e d u r e s .
At t h e  same t im e  a 10 1 q u a n t i t a t i v e  p l a n k to n  sample was 
ta k en  w i t h  a 2 1 c a l i b r a t e d  p i t c h e r  and c o n c e n t r a t e d  to  97 ml th rough  
a 28 [i a p e r t u r e  W iscons in  n e t .  I t  was immedia te ly  f i x e d  i n  4$ fo rm a l in  
(pH 7 . 4 ) .  Q u a l i t a t i v e  n e t  samples were a l so  taken  a t  t h i s  t ime f o r  
r e f e r e n c e .  P la n k to n  samples  were examined i n  the  l a b o r a t o r y  u s in g  a 
Wild b i n o c u l a r  compound microscope  and a R e ic h a r t  Visopan p r o j e c t i o n  
m ic ro s c o p e .  Zooplank ton  i d e n t i f i c a t i o n  was based  on Ward and W h ip p le ' s  
F r e s h w a te r  Bio logy  ( i n  Edmondson, 1959) .  The copepods were examined 
a c c o rd in g  to  t h e  t e c h n i q u e s  o f  Wilson  and Yeatman (1959) where i d e n t i ­
f i c a t i o n  i s  based  main ly  on th e  c h a r a c t e r i s t i c s  o f  t h e  f i f t h  leg  and 
a n tennae  and t h o s e  o f  C za ika  and Rober t son  (1968 ) .  Appendages were 
d i s s e c t e d  i n  80^ l a c t i c  a c i d .  Metasomal l e n g th s  were measured w i th  
an o c u l a r  m icrom eter  and a c a l i b r a t e d  R e i c h a r t  Visopan p r o j e c t i o n  
m ic ro s c o p e .  A range  o f  metasomal l e n g t h s  was th e n  drawn up f o r  copepodid
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t o  copepod id  6 ( a b b r e v i a t e d  C 1 to  C 6 i n  t h i s  t h e s i s ) .  T o ta l  l e n g t h s  
w e re 'm ea su red  i n  th e  c a s e  o f  n a u p l i u s  1 to  6 ( a b b r e v i a t e d  N 1 to  N 6 ) .
A s t u d e n t ' s  ' t  * t e s t  was th e n  c a r r i e d  o u t  between a l l  s i x  n a u p l i i  and 
a l l  s i x  s t a g e s  o f  copepodid  and between th e  sexes  i n  C 4,  C 5 and G 6, 
to  t e s t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  i n  s i z e .
A 1 l i t r e  sample was t a k e n  a t  t h e  s i t e  f o r  pigment  e x t r a c t i o n  
which was c a r r i e d  o u t  a f t e r  t h e  methods o f  R icha rds  w i th  Thompson (1 9 5 2 ) .  
C o n c e n t r a t i o n  o f  c h l o r o p h y l l  a was c a l c u l a t e d  a cc o rd ing  to  t h e  fo rm ula  
o f  t h e  SCOR/UNESCO working group on p h o t o s y n t h e t i c  p igm ents  (SCOR/UNESCO, 
1966).
Dark b o t t l e / l i g h t  b o t t l e  p r o d u c t i v i t y  was b as ed  on a s i x  hour  
i n c u b a t i o n  p e r i o d  i n  the  pond. However, i n t e r f e r e n c e  w i th  b o t t l e s  
n e c e s s i t a t e d  i n c u b a t i o n  i n  the  l a b o r a t o r y  i n  a Rigosha i l l u m i n a t e d  w a te r  
b a t h .  Gross  p r im ary  p r o d u c t i o n  v a l u e s  were measured i n  t h e  pond dur ing  
th e  p e r i o d  March 28 to  A p r i l  18,  1970, t h e  r em a inder  were measured i n  
t h e  Rigosha i n c u b a t o r .  The t e c h n iq u e  in v o lv e d  th e  d e t e r m i n a t i o n  o f  oxygen 
a f t e r  t h e  i n c u b a t i o n  o f  a p a i r  o f  s t a n d a r d  300 ml B.O.D. b o t t l e s ,  one o f  
which i s  co m p le te ly  darkened .  The i l l u m i n a t i o n  o f  t h e  w a te r  b a t h  was 
400 f o o t - c a n d l e s  (Oud, 1970).  The b o t t l e s  were i n c u b a t e d  f o r  s i x  h ou rs  
when th e  s tudy  was i n i t i a t e d  b u t  t h i s  p e r i o d  was i a t e r  r educed  to  two 
h o u r s .  A f t e r  i n c u b a t i o n  th e  oxygen c o n c e n t r a t i o n  was de te rm in e d  by 
th e  Hach m o d i f i c a t i o n  o f  th e  W ink le r  method.  The l i g h t  and dark  c a l ­
c u l a t i o n s  were based  on th o s e  o f  Cox (1967) .
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RESULTS
P h y s i c a l  R e s u l t s
The p h y s i c a l  r e s u l t s  a re  summarized i n  Table 2 and p l o t t e d
i n  F i g .  2.
A ir  t e m p e ra t u r e  ranged from - 0 . 5  °C to  29 °C w i t h  a mean o f  
18.9  °C and w a te r  t e m p e ra t u r e  from 0 °C to  28 °C w i th  a mean o f  17.5 °C.  
A f t e r  th e  thaw i n  m id -A p r i l  w a te r  t e m p e r a t u r e  fo l lo w ed  a i r  t e m p e ra tu r e  
c l o s e l y .
The d a t a  o f  t h e  U n i v e r s i t y  o f  Windsor w ea th e r  s t a t i o n  show th e  
t o t a l  p r e c i p i t a t i o n  from March 1, to  J u l y  31,  1970,  to  be 36 .47  cms 
compared w i th  45.11 cms f o r  th e  same p e r i o d  i n  1969. Loss o f  w a te r  from 
th e  pond o c c u r r e d  w i th  h igh  t e m p e r a t u r e s ,  low p r e c i p i t a t i o n  and h igh  
e v a p o r a t i o n  ( F i g . 2 ) .
T u r b i d i t y  ( F i g .  2) r anged  from 44 Jackson  U n i t s  ( J . U . )  to  a 
h ig h  o f  620 J .U .  j u s t  b e f o r e  t h e  pond d r i e d  up.  T u r b i d i t y  v a l u e s  had 
a mean v a l u e  o f  150.8 J .U .
Chemical  R e s u l t s
A summary o f  chem ica l  f a c t o r s  i s  shown i n  Appendix 1, Table 3 
and F i g s .  3 , 4 , 5 , 6 .
D is so lv e d  oxygen c o n c e n t r a t i o n s  ranged  from 3 .2  ppm to 16 ppm 
w i t h  a mean o f  8 . 4  ppm ( F i g . 3 ) .  The h ig h  l e v e l s  were r e c o r d e d  March 21, 
May 39 and J u l y  17, t h e  l a t t e r  was j u s t  b e f o r e  t h e  pond d r i e d  o u t .
F ree  ca rbon  d io x i d e  ( F i g .  3) ranged  from 0 to  25 ppm and had 
a mean o f  13 ppm.
The hydrogen io n  c o n c e n t r a t i o n  ( F i g .  6) remained  a l k a l i n e  
th ro u g h o u t  th e  s tu d y  and v a r i e d  from 8 . 0  to  9 .6  w i th  a mean o f  8 .6
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Table  2.  S e l e c t e d  p h y s i c a l  f a c t o r s
Date Tem perature  Tempera tu re  P r e c i p i t a t i o n  T u r b i d i t y
1970 ( a i r ) ° C  (w a te r ) °C  (cms) ( J . U . )
T o ta l  o f  Month
March
4 10.0  0 54
7 5 .0  0 81
11 4 .0  1.5 84
16 4 .0  2 .0
21 10 .0  6 .0  6 .5  68
28 - 0 . 5  1 .0  ( * ) !  44
A p r i l
4 8 . 0  5 . 0  51
11 8 . 0  7 .5  59
18 8 . 0  11.0  39
22 17.0 13.0 37
25 20 .0  14.0 10.5 42
29 24 .0  21 .0  (* )  56
May
1 24 .0  21 .0  68
5 17.0 19.0 59
8 21 .0  17.0 68
12 23 .0  19.0 73
15 17.0  15.0 . 81
19 23 .0  19.0 80
22 26 .0  23 .0  99
26 15.0  18.0  7 .5  71
29 21 .5  20 .5  ( 1 6 .4 )  90
June
2 22 .0  24 .0  131
5 23 .0  22 .0  134
9 23.0  24 .0  • 157
11 29 .0  27 .0  120
16 24.0  28 .0  144
18 25.5  26 .5  160
23 27 .0  25 .0  125
26 17.5 19.0  7 .5  175
30 29.0  2 8 .0  ( 1 8 .8 )  137
J u l y
3 29 .0  27.0 81
7 23 .0  2 5 .0  350
10 28 .0  25 .0  250
14 23 .0  28.0  665
17 27 .0  2 4 .0  516
21 2 2 .0  20.0  11.8 360
24 23 .0  23 .0  (1 6 .3 )  620
1. E v a p o ra t io n  in  cms. * No d a t a  a v a i l a b l e .
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F i g .  2.  Tem pera tu re ,  dep th ,  p r e c i p i t a t i o n  and t u r b i d i t y  in  
temporary  pond from March 4 to  J u l y  24,  1970.
11a
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Table 3.  Mean ( x ) ,  v a r i a n c e  ( s  ) and s t a n d a r d  d e v i a t i o n  ( s )
o f  s e l e c t e d  p h y s i c a l  and chem ica l  p a r a m e te r s  i n  th e
temporary  pond^ 1970.
P aram e te r N X 2s s
T o t a l  A l k a l i n i t y  (ppm) 36 147.5 4129.7 64 .2
Carbon d io x id e  ( f r e e ) (p p m ) 36 13.1 20.3 4 .5
T o ta l  h a rd n e s s  (ppm) 36 • 210.6 4261.3 65 .2
T o t a l  n i t r o g e n  (ppm) 37 0 .8 1.06 1.03
D is so lv e d  oxygen (ppm) 37 8 .4 10.7 3 .2
pH 36 8 .6 0 .52 0 .72
T o ta l  phospha te  (ppm) 33 0 .26 0 . 0 4 0 . 2
S i l i c a  (ppm) 34 1.18 1.28 0 .11
S u lp h a t e  (ppm) 36 62 .4 625.7 25.0
Temperature  ( a i r )  °C 37 18.9 83 .7 9 .1
Temperature (w a te r )  °C 37 17.5 77.1 8 .7
T u r b i d i t y  ( J . U . ) 36 150.5 24212.5 155.6
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
F ig .  3 D is so lv e d  oxygen,  ca rbon  d i o x i d e ,  t o t a l  a l k a l i n i t y  
t o t a l  h a rd n e s s  c o n c e n t r a t i o n s  i n  t h e  tempora ry  
pond from March 4 to  J u l y  24,  1970.
13a
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F i g .  4 .  Copper,  manganese,  i r o n  and f l u o r i d e  c o n c e n t r a t i o n s
i n  t h e  temporary  pond from March 4 to  J u l y  24,  1970.
14a
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F i g .  5.  T o t a l  n i t r o g e n ^  t o t a l  phospha te^  p r e c i p i t a t i o n  and 
s u l p h a t e  c o n c e n t r a t i o n s  i n  t h e  temporary  pond from 
March 4 to  J u l y  24,, 1970.
15a
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F ig .  6.  C h l o r i d e ,  pH, s i l i c a  and t o t a l  a l k a l i n i t y  c o n c e n t r a t i o n s
i n  t h e  temporary  pond from March 4 to  J u l y  24,  1970.
16a
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T o t a l  a l k a l i n i t y  ranged  from 20 ppm to  230 ppm w i th  a mean o f  147.5 ppm. 
Most o f  t h e  a l k a l i n i t y  was due to  b i c a r b o n a t e ,  s ee  Appendix 1. The 
lo w es t  v a l u e s  f o r  a l k a l i n i t y  were found d u r ing  the  f i r s t  and l a s t  week 
o f  th e  s tudy  ( F i g .  3 ) .
T o ta l  h a rd n e s s  v a r i e d  from 85 ppm to  454 ppm w i t h  a mean o f  
210 .6  ppm. The g e n e r a l  t r e n d s  o f  t o t a l  h a rdness  and t o t a l  a l k a l i n i t y  
were s i m i l a r ,  F ig .  3 .
O ther  ch em ica ls  c o n t r i b u t i n g  s i g n i f i c a n t l y  to  t h e  temporary  
pond system were t o t a l  n i t r a t e  which ranged  from 0 .088  ppm t o  4.413 ppm
w i th  a mean o f  0 .876  ppm. T o ta l  phospha te  v a r i e d  from 0 .0 2  ppm to
0 .5 3  ppm w i th  a mean o f  0 .26  ppm. S i l i c a  ranged from 0 .0 9  ppm to  4 .2  ppm 
and had a mean o f  1.18 ppm, and s u l p h a t e  v a r i e d  from 18.85 to  141 ppm 
w i th  a mean o f  6 2 .4  ppm. C h l o r i n e ,  co p p e r ,  manganese,  f l u o r i d e  and
i r o n  v a l u e s  can be seen  i n  Appendix 1 and F ig .  4 , 5 , 6 .
B i o l o g i c a l  R e s u l t s  
P h v to p la n k to n
The majo r  p h y to p la n k to n  s p e c i e s  r e c o rd e d  a re  shown i n  Tab le 4.  
Q u a n t i t a t i v e  p h y to p la n k to n  co u n t s  a re  i n c lu d e d  a l th o u g h  C h lo r o p h y l l  _a 
i s  u sed  w i th  c e l l  number as an i n d i c a t o r  o f  food  a v a i l a b i l i t y .
C lo s t e r iu m  sp .  was t h e  dominant  form from mid-March to  t h e  end o f  A p r i l  
b u t  t h e  dia toms were dominant  a f t e r  May 26.
Pr im ary  P r o d u c t i v i t y
R e s u l t s  o f  l i g h t  and dark  b o t t l e  measurements and o f  c h l o r o ­
p h y l l  .a e x t r a c t i o n  a re  shown i n  Appendix 3 and F ig .  7.  Gross  pr im ary  
p r o d u c t i o n  ( F i g .  7) ranged from 0 to  2439 mgC/m / h o u r  and had a mean
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Table  4.  L i s t  o f  majo r  p h y to p la n k to n  s p e c i e s  i d e n t i f i e d  from 
s u r f a c e  samples i n  t h e  temporary  pond. C l a s s i f i e d -  
P r e s c o t t  1964.
Phylum
C h lo ro p h y ta
Chrysophyta
E ug lenophy ta
S p e c i e s
U l o t h r i x  sp .  
P ed ia s t ru m  sp .  
C lo s t e r i u m  sp .  
Moueeotia  sp .  
S p i r o g y r a  sp .
T a b e l l a r i a  sp .  
N a v ic u l a  sp .
Eug lena  g r a c i l i s  
Klebs  1883 
Strobomonas s p .
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F i g .  7.  Trends i n  t o t a l  p h y to p l a n k to n ,  g r o s s  p r im ary  p r o d u c t i o n ,  
c h l o r o p h y l l  a and to t a l ,  e u g l e n o id s  i n  t h e  temporary  pond.
19a
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o f  433.9. The high value was on July 21, three days before the pond
dried out. This high value was attributed to the high diatom population
3o f  t h a t  t im e ,  see F i g .  7.  C h lo ro p h y l l  .a (mgC/m ) v a r i e d  from 1.01 
to  127.0  and had a mean o f  22 .43 .  C h lo r o p h y l l  _a were h i g h e s t  a f t e r  
June  11, where a l l  v a l u e s  b u t  one ( June  21) were above th e  mean.
These h ig h  v a l u e s  were again  a t t r i b u t e d  to  th e  h igh  p o p u l a t i o n  o f  
dia toms and p o s s i b l e  r e l e a s e  o f  g r a z i n g  p r e s s u r e  by z o o p l a n k t e r s ,
F i g .  7 , 8 .
Zoop lankton
The zoop lank ton  s p e c i e s  r e c o r d e d  a re  shown i n  Table 6 and th e  
C r u s t a c e a  p l o t t e d  i n  F ig .  8 .  With t h e  e x c e p t i o n  o f  t h e  C yc lo p o id a ,  the  
C a la n o id a  were dominant  from th e  p e r i o d  A p r i l  29 to  June 18 w i th  t h e  e x c e p t i o n  
o f  May 15 to  June  5 where th e  C la d o c e ra  were most abundan t .  The dominant  
and on ly  c a l a n o i d  was Diaptomus l e p to p u s  and th e  most  abundant  c l a d o c e r a n  
was Daphni a s c h ^ d l e r i .
L i f e  H i s to r y  o f  Diaptomus le p to p u s
Diaptomus l e p to p u s  has a monocycl ic  u n i v o l t i n e  l i f e  p a t t e r n  
i n  th e  temporary  pond. The deve lopm en ta l  t ime from N aup l iu s  1 to 
a d u l t  i n  t h e  temporary  pond i s  4 .6  weeks as de te rm ined  from t h e  p la n k to n  
sam ples .  The n a u p l i a r  development r e q u i r e d  12 days and th e  copepodid  
to  a d u l t  development 20 days .  The ma tu re  a d u l t s  produced  eggs  from 
May 8 to  June 18 which a p p a r e n t ly  d id  n o t  h a t c h  im m edia te ly  as no 
e v id en ce  o f  a second g e n e r a t i o n  o f  n a u p l i i  was found.  This  would s u g g e s t  
t h a t  ' r e s t i n g  eggs ,  were p roduced  which i n  some way ' o v e r w i n t e r '  i n
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Table 5 
Phylum
Phylum
Phylum
L i s t  o f  zoop lank ton  s p e c i e s  i d e n t i f i e d  from s u r f a c e  
samples ( a f t e r  Ward and Whipple ,  1959).
Asche lm in thes
C la s s  
Order  
S .Order  
Fam.
S . Fam.
Fam.
R o t i f e r a
Monogononta
Ploima
B ra c h io n id a e
B ra c h io n in a e  
Brach ionus  sp .
K e r a t e l l a  c o c h l e a r i s  Gosse
A splanchnidae  
Asp lanchna sp .
A r th ropoda
C la s s  
Order 
S .Order
S .O rd e r
C r u s t a c e a
Copepoda
C a lan o id a
Diaptomus l e p to p u s  S.A. Forbes  1882 
Cyc lopoida
Cyclops b i c u s p i d a t u s  thomasi
S .O rde r  Branchiopoda
Order  C la d o ce ra
Daphnia pu lex  
Daphnia s c h ^ d l e r i  
Moina r e c t i r o s t r i s  
Bosmina sp .
S . C l a s s  O s t r aco d a
P ro to z o a  ( a f t e r  Barnes  1968)
S.Phylum S arco m a s t ig o p h o ra
C la s s  Rhizopodea
Order  A r c e l l i n i d a
D j f f l u g i a  s p .
C la s s  Phy tom as t igophorea
Order  D i n o f l a g e l l i d a
P e r id in iu m  sp .
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F i g .  8 .  P o p u la t io n  dynamics o f  t o t a l  c l a d o c e r a ,  t o t a l  c a l a n o i d a ,  
t o t a l  c y c l o p o id a  and t o t a l  phy topoankton  i n  t h e  temporary  
pond March 4 to  J u l y  24., 1970.
22a
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t h e  mud o f  the  pond u n t i l  t h e  fo l l o w in g  y e a r .  Diaptomus l e p to p u s  
females  p roduced  eggs on May 8,  t h r e e  days a f t e r  t h e i r  i n i t i a l  
appea rance .  Sexual  a c t i v i t y  o f  the  female  i s  shown i n  Tab le 6.
G a lano id  n a u p l i i  a r e  r e l a t i v e l y  easy  to  d i s t i n g u i s h  from 
cy c l o p o id  n a u p l i i  and the  development o f  Diaptomus l e p to p u s  i s  
s i m i l a r  to  t h a t  d e s c r i b e d  f o r  Diaptomus s i c i l o l d e s  by Ewers (1930)
I  was u n a b le  to  d i s t i n g u i s h  c o n s i s t e n t l y  between n a u p l i u s  1 and 
n a u p l i u s  2 and between n a u p l i u s  4 and n a u p l i u s  5 where t h e  majo r 
d i a g n o s t i c  f e a t u r e  i s  t h e  m a t u r a t i o n  o f  an appendage.  For t h i s  
rea son  n a u p l i a r  s t a g e s  1 and 2 a re  grouped  t o g e t h e r  as a re  n a u p l i u s  4 
and 5.  The s i z e  range f o r  th e  n a u p l i a r  s t a g e s  o f  development i s  
shown i n  Table 7.
N a u p l i i  were f i r s t  r e c o rd e d  on A p r i l  15 when s t a g e s  1 to 5 
were p r e s e n t .  No c a l a n o i d  n a u p l i i  were p r e s e n t  i n  t h e  p r e v io u s  
sample o f  A p r i l  11,  i n d i c a t i n g  a deve lopmenta l  t ime o f  f o u r  days 
from egg to  n a u p l i u s  5. N aup l iu s  6 f i r s t  appea red  on A p r i l  25, 
i n d i c a t i n g  a developmenta l  t ime o f  8 days from n a u p l i u s  f i v e  to  s i x  
by e s t i m a t i o n  between p o p u l a t i o n  peaks .  The t o t a l  t ime f o r  n a u p l i a r  
development i s  12 days ,  Tab le 9.  The l a s t  c a l a n o i d  n a u p l i i  to  be 
r e c o r d e d ,  o c c u r r e d  i n  the  May 1, sample.  At t h a t  t ime N4, N5 and N6 
were p r e s e n t ,  i n d i c a t i n g  t h a t  eggs were no l o n g e r  h a t c h i n g .  N a u p l i a r  
abundance can be seen  in  Appendix 2 and F ig .  9.
C a la n o id  copepodids  a re  r e c o g n i s e d  by th e  p re s e n c e  o f  long 
f i r s t  an tennae  and t h e i r  b a s i c  a d u l t  form. Wilson (1959) d e s c r i b e s  
copepodid  development as shown i n  Table 8 .  Sexua l  dimorphism o f  th e  
f i f t h  le g  i s  f i r s t  o bse rved  i n  copepodid  4,  F ig .  10. The range  o f
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24.
Tab le 6.  Sexual  a c t i v i t y  o f  female  Diaptomus l e p to p u s
Date p e r c e n t  o f p e r c e n t  jjL p e r c e n t  £ egg . C lu t c h T°C
p o p u la t i o n w i th  egg w i th d ia m e te r (x ) s i z e
£ sacs spermato- mm
phores
Hay 12 52.2 8 .95 4 .8 0.1069 2 3 . 11 19
May 22 47.1 22.2 2.8 0.1208 10.5 23
J  une 16 63.6 62.2 10.2 0 .1153 15.3 28
S h e l l  s i z e  was 0.00162mm th ro u g h o u t t h e  s tudy All  eggs  i n May and
June  appeared  m o r p h o l o g ic a l ly  th e  same.
2
1. S t a n d a rd  d e v i a t i o n  (S ) ,  May 12 , 8 . 3 ,  May 22,  0 . 5 0 ,  June 16, 2 . 2 .
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Tab le 7. S i z e  ranges  o f  n a u p l i i  o f  Diaptomus 
s i g n i f i c a n t  a t  0 .0 2  l e v e l .
l e p to p u s  ' t 1 t e s t
Group Range
(mm)
N x 2s s
N 1 & N 2 0 .1 4 3 -0 .1 8 8 40 . 0.167 0.0001 0 .013
N 3 0 .2 0 1 -0 . 2 3 4 30 0 .220 0 .0005 0 .023
N 4 & N 5 0 . 2 6 0 -0 .3 4 4 69 0 .2 9 4 0.0007 0 .026
N 6 0 .3 7 7 -0 .3 9 0 25 0 .383 0.0001 0.0135
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Table  8.  Copepodid development o f  C a la n o id a  (W il son ,  1959) .
Copepodid s t a g e  Developed l e g s  Bud
1 l e g s  1 ,2  leg 3
2 1 , 2 , 3  4
3 1 , 2 , 3 , 4  5
4 1 , 2 , 3 , 4 , 5
5 1 , 2 , 3 , 4 , 5
6 ( a d u l t )  1 , 2 , 3 , 4 , 5
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Table  9 .  D u ra t io n  o f  S ta g e s  o f  Diaptomus l e p t o p u s .
S t a g e s  R e s p e c t iv e  peaks  E s t i m a t e d  d u r a t i o n
(N 1-N 2)-N 3 A p r i l  1 5 -A p r i l  18 4 days
N 3-(N 4,N 5) A p r i l  1 8 -A p r i l  25
8 days
N 5-N 6 A p r i l  2 5 -A p r i l  25
T o t a l ----------------   12 days
N 6-C 1 A p r i l  2 5 -A p r i l  29
5 days
C 1-C 2 A p r i l  2 5 -A p r i l  29
C 2-C 3 A p r i l  29-May 1
3 days
C 3-C 4 May 1-May 1
C 4-C 5 May 1-May 12
12 days
C 5-C 6 May 12-May 12
T o t a l  d u r a t i o n  N 1-C 6-----------------------------------------  32 days
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F i g .  9 .  P o p u la t i o n  dynamics o f  n a u p l i i ,  copepodids  and a d u l t s  
o f  Diaptomus l e p to p u s  i n  temporary  pond.
28 a
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29.
F ig .  10
A
c
F i f t h l e e s  o f  Diaptomus le p to p u s
(A) Copepodid fou r female X 309,
(B) Copepodid f o u r  male X 549,
(G) Copepodid f i v e female X 192,
(D) Copepodid f i v e male X 206.
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metasomal l e n g t h s  i s  shown i n  Table  10 and F ig .  11. Copepodid abundance 
i s  shown i n  Appendix 3 and F i g .  9 .  Copepodid 1 f i r s t  appea red  i n  th e  
A p r i l  29 sample and was n o t  p r e s e n t  on May 12. This  i n d i c a t e s  t h a t  
a l th o u g h  some eggs may have h a t c h e d  th e y  d id  n o t  r e a c h  t h e  copepod id  
s t a g e  b e f o r e  the  p o p u l a t i o n  d i e d  o f f  ( F i g .  9 ) .  Copepodids 1 and 2 
had t h e i r  p o p u l a t i o n  peaks  on A p r i l  29. Copepodid 4 appea red  on May 1 
and had i t s  peak on th e  same day.  Copepodids 5 and 6 bo th  appea red  on 
May 5 and had  t h e i r  peaks on May 12, Appendix 3 and F ig .  9 .  The 
d u r a t i o n  o f  i n s t a r s  i s  e s t i m a t e d  from t h e  t ime i n t e r v a l  between peaks 
(T ab le  9 ) .
L i n e a r  c o r r e l a t i o n s  were c a r r i e d  o u t  on s e v e r a l  a s p e c t s  o f  
th e  b i o l o g i c a l  and chem ica l  d a t a .  T o ta l  p o p u l a t i o n  numbers o f  C la d o c e ra  
and t o t a l  p o p u l a t i o n  numbers o f  C a la n o id a  show a p o s i t i v e  l i n e a r  
c o r r e l a t i o n  (r=£).539) which i s  j u s t  s i g n i f i c a n t  a t  t h e  5f0 l e v e l  f o r  18 
d eg ree s  o f  freedom. The t e s t  between t o t a l  p o p u l a t i o n s  o f  C la d o c e ra  
and oxygen c o n c e n t r a t i o n  a l s o  showed a s l i g h t  p o s i t i v e  l i n e a r  c o r r e l a t i o n  
( r ^ . A b ? )  which was b a r e l y  s i g n i f i c a n t  a t  t h e  5f0 l e v e l .  T e s t s  between 
p o p u l a t i o n  numbers o f  Piaptomus  le p to p u s  and Daphnia s c h ^ d l e r i  ( r = 0 . 2 6 0 ) ,  
p o p u l a t i o n  numbers o f  D . l e p to p u s  and Daphnia pu lex  ( r = 0 . 2 1 8 ) ,  p o p u l a t i o n  
numbers o f  D . l e p to p u s  and Moina r e c t i r o s t r i s  ( r = 0 . 2 1 2 ) ,  p o p u l a t i o n  numbers 
D . l e p to p u s  aiid t o t a l  a l k a l i n i t y  ( r = 0 . 0 9 6 ) ,  D.l e p to p u s  p o p u l a t i o n  numbers 
and c h l o r o p h y l l  a ( r = 0 . 0 0 3 ) ,  and t o t a l  zoo p lan k to n  numbers and c h l o r o p h y l l  
( r = 0 . 3 6 l )  were n o t  s i g n i f i c a n t .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Tab le  10. S i z e  d i s t r i b u t i o n  o f  a d u l t s  and copepod ids  o f  Diaptomus 
l e p to p u s  *t * t e s t  shows p < 02 .  C 2-C 3 n o t  
s i g n i f i c a n t
Group N Range (mm) X 2s s
G 1 30 0 .3 2 5 -0 .4 5 3 0.395 0 .0007 0 .0272
C 2 30 0 . 4 6 8 -0 . 6 0 0 0 .523 0 .2670 0 .5160
C 3 30 0 . 6 2 4 -0 .7 3 6 0 .664 0 .0008 0.0297
C 4 ( t o t a l ) 30 0 . 7 2 0 -0 .9 4 0 0 .8 2 4 0 .0024 0.0499
male 15 0 . 7 2 0 -0 .9 4 0 0 .821 0 .0030 0.0553
female 15 0 . 7 6 0 -0 .8 6 0 0.828 0.0019 0 .0436
C 5 ( t o t a l ) 36 0 .9 0 0 -1 .1 0 0 1.001 0 .0030 0.0548
male 24 0 . 9 0 0 -1 .0 0 0 0.968 0 .0006 0 .0264
female 12 1 .0 0 0 -1 .1 0 0 1.068 0.0009 0.0310
C 6 ( t o t a l ) 72 0 . 9 8 0 - 1 . 1 2 4 1.150 0 .0052 0 .0713
male 30 0 .9 8 0 -1 . 1 0 0 1.007 0.0051 0.0227
female 42 1 .04 0 -1 .2 4 0 1.150 0 .0052 0.0713
Lengths measured were metasomal l e n g t h s .
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DISCUSSION
L i f e  H is to ry  o f  Diaptomus le p to p u s
Diaptomus l e p to p u s  d i s p l a y s  a monocyc lic  u n i v o l t i n e  l i f e  
c y c l e  i n  the  temporary  pond. The deve lopmenta l  t ime ( e s t i m a t e d  from 
p l a n k to n  samples)  was 4 .6  weeks from n a u p l i u s  to  a d u l t .  T h i s  i s  
s i m i l a r  to  the  r e s u l t s  o f  Hazelwood and P a rk e r  (1961) who r e p o r t e d  a 
mean l i f e  c y c l e  o f  5 .2  weeks i n  Kepple Lake,  Washington ,  a permanent  
body o f  w a t e r .  The developmenta l  t ime i n  t h i s  t emporary  pond i s  
v e ry  much s h o r t e r  t h a n  th e  7 .2  weeks r e p o r t e d  by Winner (1970) f o r  
an a c i d  bog h a b i t a t ,  and 6-8 weeks f o r  f i r s t  g e n e r a t i o n  development 
r e p o r t e d  by Sawchyn and Hammer (1968) f o r  a temporary  pond i n  
Saskatchewan.  They found t h a t  when th e  pond r e f i l l e d ,  a second 
g e n e r a t i o n  took  o n ly  t h r e e  weeks to  deve lop .
Adult  f emales  f i r s t  p roduced  summer o r  s u b i t a n e o u s  eggs on 
May 8 .  There was no e v id e n c e ,  however,  t h a t  t h e s e  h a t c h e d  dur ing  th e  
s tu d y  p e r i o d  s in c e  n a u p l i i  were n o t  p r e s e n t  i n  t h e  pond a f t e r  May 1.
Only s u b i t a n e o u s  eggs  were produced  by D . l e p to p u s  d u r in g  the  s tudy  p e r i o d  
as i n d i c a t e d  by t h e i r  un i fo rm  morphology.  S h e l l  t h i c k n e s s  was 0 . 0016mm, 
th e  same as r e p o r t e d  by Winner (1 9 7 0 ) ,  who found t h a t  i n  a d y s t r o p h i c  
bog env i ronm ent ,  D . l e p to p u s  p roduced  i n  a d d i t i o n  to  s u b i t a n e o u s  eggs ,  
a morphologically distinct overwintering egg.
The mean c l u t c h  s i z e  appea red  to  have an i n v e r s e  r e l a t i o n s h i p  
w i th  t e m p e r a t u r e s :  as t h e  w a te r  t e m p e ra tu r e  i n c r e a s e d ,  th e  c l u t c h  s i z e
d e c r e a s e d ,  see  Tab le 6.  Sawchyn and Hammer (1968) found s i m i l a r  r e s u l t s  
i n  a l l  d iap tom ids  i n  t h e i r  Saska tchewan s tu d y .  Sawchyn and Hammer (1968)
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and Winner (1970) found that the clutch s ize  increased with lower f a l l  
t e m p e r a t u r e s .  Sawchyn and Hammer (1968) a l s o  found t h a t  crowding 
a p p a r e n t l y  a f f e c t s  c l u t c h  s i z e  i n  t h a t  low p o p u l a t i o n s  o f  d ia p tom ids  
te n d  to  have l a r g e r  c l u t c h  s i z e s .  The low c l u t c h  s i z e  o f  D . l e p t o n u s  
on Hay 22 i n  t h i s  s tudy  may have been i n f l u e n c e d  by crowding e f f e c t s ,  
caused  by the  peak p o p u l a t i o n s  o f  t h e  c l a d o c e r a n s ,  Daphnia pu le x  and 
Daphnia s c W d l e r i  which o c c u r r e d  d u r ing  t h a t  p e r i o d  as n o t e d  by Krochak 
(1 9 7 1 ) .  P a rk e r  (1961) h as shown, i n  l a b o r a t o r y  s t u d i e s ,  t h a t  a 
p o p u l a t i o n  o f  D.pu lex  s u p p r e s s e s  th e  r e p r o d u c t i v e  a c t i v i t y  o f  Eucvc lops  
a e i l i s  and has a t t r i b u t e d  t h i s  s u p p r e s s i o n  to  t h e  p h y s i c a l  p re s e n c e  o f  
D.p u l e x . n o t  to  t h e  p re s e n c e  o f  any m e ta b o l i c  p r o d u c t s  p ro duced .
N a u p l i a r  development o f  b . l e p to p u s  was comple ted  i n  an 
e s t i m a t e d  12 days dur ing  an average  t e m p e ra t u r e  o f  16.5 ° C . Comita 
( 1 9 5 3 ) ,  found t h a t  n a u p l i a r  development o f  Diaptomus a s h l a n d i  took  
75 days when th e  t e m p e ra tu r e  ranged from 4 .5  to  13 ° C . The s h o r t e r  
deve lopm en ta l  t ime f o r  D . l e p to p u s  i s  p ro b ab ly  due to  t h e  h i g h e r  pre~ 
v a i l i n g  t e m p e r a t u r e .
Copepodids developed  i n  20 days and a d u l t s  were f i r s t  found 
on May 5,  t h r e e  days b e f o r e  t h e  f i r s t  eggs  were r e c o r d e d ,  i n d i c a t i n g  a 
maximum o f  t h r e e  days to  a t t a i n  s e x u a l  m a t u r i t y .
In  t h e  p r e s e n t  s tu d y  th e  mean metasomal l e n g t h  o f  D . l e p to p u s  
males  was I.007mm. Winner (1970) r e p o r t e d  a mean l e n g t h  o f  1.34, 1.48 
and 1.43mm f o r  a d u l t  males  i n  Montague Bog f o r  the  y e a r s  1961, 1962,  
1963 r e s p e c t i v e l y .  Comita (1968) r e p o r t e d  a mean o f  1.45mm f o r  a d u l t  
males i n  h i s  s t u d y .  A l l  o f  t h e s e  d a t a  a r e  l a r g e r  th a n  th o s e  found i n  
t h e  temporary  pond and s u p p o r t  Sawchyn and Hammer's (1968) c o n t e n t i o n
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t h a t  s i z e  i s  d i r e c t l y  p r o p o r t i o n a l  to  t h e  s t a b i l i t y  o f  t h e  env i ronm en t .
The d a t a  o f  th e  p r e s e n t  s tudy  and t h a t  o f  Winner (1 9 7 0 ) ,  Comita (1968) 
and Sawchyn and Hammer (1968) do n o t  concur  w i th  t h e  o b s e r v a t i o n  o f  
Cole (1 9 6 6 ) ,  t h a t  metasomal l e n g t h s  o f  d ia p tom ids  i n  te m pora ry  ponds 
a re  l a r g e r  than  th o s e  found i n  permanent  ponds .
Sex r a t i o s  showed l i t t l e  v a r i a b i l i t y  i n  c o n t r a s t  to  t h e  
f i n d i n g s  o f  Winner (1970) who found t h a t  f emales  dominated  t h e  p o p u l a t i o n  
f o r  the  g r e a t e r  p a r t  o f  h i s  s tu d y  and Sawchyn and Hammer (1968) who found 
t h a t  males  p redom ina ted  i n  t h e i r  i n v e s t i g a t i o n .
Adul t  and l a r v a l  s t a g e s  o f  th e  c a l a n o i d  and c l a d o c e r a n  
p o p u l a t i o n s  were ab s e n t  by th e  end o f  J u n e ,  a l though  w a t e r  was s t i l l  
p r e s e n t .  The h igh  t e m p e ra t u r e  a t  t h i s  t ime (x = 24 .9  °C) may have had 
a d e l e t e r i o u s  e f f e c t  on t h e  p o p u l a t i o n s .  T u r b i d i t y  was a l s o  v e ry  h igh  
a t  t h i s  t ime which would have a f f e c t e d  l i g h t  p e n e t r a t i o n ,  a f a c t o r  which 
Hazelwood and P a rk e r  (1963) found to  be n e g a t i v e l y  c o r r e l a t e d  w i th  
D . l e p to p u s  p o p u l a t i o n  s i z e .  D i s so lv e d  oxygen c o n c e n t r a t i o n  would 
p ro b ab ly  n o t  be l i m i t i n g  i n  t h i s  s tu d y ,  s i n c e  c o n c e n t r a t i o n s  were s t i l l  
h igh  when the  pond was d ry ing  up.
Most c a l a n o i d s  a re  f i l t e r  f e e d e r s  and t h e r e f o r e  a re  n o t  s p e c i e s  
s p e c i f i c  i n  te rms o f  food s e l e c t i o n .  P a r s o n s ,  L eB rassue r  and F u l to n  (1967) 
however,  have shown t h a t  t h e y  have c e r t a i n  s i z e  p r e f e r e n c e s .  The p hy to -  
planlcton i n  t h i s  s tudy  has  shown a g r a d u a l  i n c r e a s e  i n  b iomass  w i th  t ime 
and i t s  peak towards  t h e  end o f  th e  s tu d y  i s  p ro b ab ly  due to  the  
c e s s a t i o n  o f  g r a z i n g  p r e s s u r e  by t h e  z o o p l a n k t e r s .  I n i t i a l l y  t h e  desmid 
C lo s t e r iu m  sp .  was dominant  b u t  a f t e r  May 26 th e  d ia toms became dominant  
and remained  so th ro u g h o u t  t h e  s tu d y .  C a la n o id s  a r e  known to  f eed  on 
d ia toms (M ars h a l l  and O r r ,  1955a) and p ro b ab ly  show a g r e a t e r  p r e f e r e n c e
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
f o r  t h e s e  th a n  t h e  l a r g e r  C lo s t e r iu m  s p .  Bogatova (1965) r e p o r t e d  
t h a t  g u t  a n a l y s i s  o f  Eudiaptomus g r a c i l o i d e s , c o n s i s t e d  o f  as  much 
as 87 .8  p e r c e n t  b lu e  g reen  a l g a e .  He a l s o  found t h a t  t h i s  s p e c i e s  
s e l e c t e d  s m a l l e r  a l g a l  s i z e  th a n  Daphnia h y a l i n a , a v e ry  u s e f u l  a s s e t  
to  t h e  c a l a n o i d  i n  a v o id ing  d i r e c t  food c o m p e t i t i o n  w i t h  t h i s  c l a d o ­
c e r a n .  I n  t h e  same s tudy  78 p e r c e n t  o f  t h e  g u t  c o n t e n t s  o f  D.pu lex  was 
found to  be composed o f  d e t r i t u s .  I n  t h e  tempora ry  pond a p o s i t i v e  l i n e a r  
c o r r e l a t i o n  was found between t o t a l  C a la n o id a  and t o t a l  C la d o c e ra  which 
would i n d i c a t e  t h a t  t h e s e  z o o p l a n k t e r s  do n o t  compete f o r  food .
S u r v i v a l  o f  p l a n k t o n i c  c r u s t a c e a  i n  t emporary  ponds n e c e s ­
s i t a t e s  t h e  p r o d u c t i o n  o f  an o v e r w i n t e r i n g  s t a g e ,  e i t h e r  as an egg o r  
l a r v a .  I n  t h i s  s tu d y  D . l e p to p u s  d id  n o t  produce  r e s t i n g  eggs as 
d e s c r i b e d  by Winner (1970) .  The s u r v i v a l  mechanism o f  t h i s  c a l a n o i d  
p o p u l a t i o n  under  temporary  pond c o n d i t i o n s  i s  t h u s  unknown. However, 
a number o f  s u r v i v a l  mechanisms f o r  copepod p o p u l a t i o n s  has  been 
proposed  i n  the  l i t e r a t u r e .  Gurney (1931) d e s c r i b e d  a c a l a n o i d  popu­
l a t i o n  i n  which o n ly  s u b i t a n e o u s  eggs  were produced  and y e t  when th e  
ponds d r i e d  up and l a t e r  r e f i l l e d ,  they  were r e p o p u l a t e d  as though 
r e s t i n g  eggs were produced .  F a i r b r i d g e  ( 1945a) r e p o r t s  a s i m i l a r  
i n s t a n c e  i n  a p o p u l a t i o n  o f  B o e c k e l l a  opaqua .  w h i c h ' i n  c u l t u r e  on ly  
p roduced  summer eggs t h a t  d id  n o t  h a t c h  u n t i l  long a f t e r  t h e  females  
d i e d .  He s u g g e s t s  t h a t  t h e s e  eggs  c o u ld  n o t  s u r v i v e  d e s s i c a t i o n .
Brewer (1964) has  shown u n d i f f e r e n t i a t e d  eggs o f  Piaptomus s t a g n a l i s  
were s u s c e p t i b l e  to  c o l d  t e m p e r a t u r e s ,  b u t  cou ld  w i t h s t a n d  warm tem­
p e r a t u r e s  and d e s s i c a t i o n .  I n  t h e  d i f f e r e n t i a t e d  s t a t e  t h e y  were r e -  
r e s i s t a n t  to  c o l d  t e m p e r a t u r e s  b u t  s u s c e p t i b l e  to  warm te m p e r a t u r e s  and 
d e s s i c a t i o n .  SawGhyn and Hammer (1968) s u g g e s t  f o r  D . l e p to p u s  t h a t  n o t
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a l l  eggs h a t c h  i n  t h e  fo l l o w in g  s p r i n g  b u t  some a c t u a l l y  s u r v i v e  f o r  
two y e a r s .  This  th e o ry  i s  based  on a s tudy  o f  a pond which d r i e d  o u t  
b e f o r e  a p o p u l a t i o n  o f  D . l e p to p u s  c o u ld  matu re  and produce eg g s .  When 
i t  was l a t e r  r e f i l l e d ,  i t  was i n h a b i t e d  w i th  a new p o p u l a t i o n  o f  t h e  
c a l a n o i d .  They conc luded  from t h i s  t h a t  t h e  p o p u l a t i o n  had to  be 
produced  from eggs o f  th e  p r e v io u s  y e a r .  This  may be a p o s s i b l e  
mechanism f o r  th e  r e p o p u l a t i o n  o f  D .l e p to p u s  i n  t h e  Windsor temporary  
pond.  Smyly (1967) has  r e p o r t e d  s e v e r a l  c y c l o p o id  g e n e r a  o v e r w i n t e r i n g  
i n  f o u r t h  o r  f i f t h  copepodid  s t a g e .  Th i s  phenomenon has  n o t  been r e ­
p o r t e d  i n  c a l a n o i d s  and none were found i n  mud samples o f  t h i s  pond.
Whatever  the  mechanism o f  s u r v i v a l  i s ,  Diaptomus l e p to p u s  
has  the  c a p a c i t y  to  s u c c e s s f u l l y  p o p u la t e  an u n p r e d i c t a b l e  env i ronm en t .
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SUMMARY AND CONCLUSIONS
1. An e c o l o g i c a l  s tudy  o f  Piaptomus l e p to p u s  was conduc ted  from 
March to  J u l y ,  1970 in  a t emporary  pond i n  Windsor,  O n t a r i o .
2.  S e l e c t e d  p h y s i c a l  and chem ica l  pa ra m e te r s  were d e t e rm in e d .
3 .  The dominant  p h y t o p l a n k t e r s  were i n i t i a l l y  C lo s t e r iu m  sp .  
b u t  d ia toms dominated the  p o p u l a t i o n  a f t e r  May 26.
4 .  The dominant z o o p l a n k t e r s  we.re th e  copepods Pi  aptomus l e p t o p u s . 
Cyclops b i c u s p i d a t u s  thomas i  and th e  c l a d p c e r a n s  Paphnia  
s c h ^ d l e r i . Daphnia pu lex  and Moina r e c t i r o s t r i s .
5 .  L i n e a r  c o r r e l a t i o n  was found between t o t a l  C a l a n o id a  and t o t a l  
C la d o c e ra .
6.  C lu t c h  s i z e  o f  Piaptomus l e p to p u s  was found to  d e c r e a s e  w i th  
r i s i n g  w a t e r  t e m p e ra tu re  and ev idence  o f  s u p p r e s s i o n  o f  r e ­
p r o d u c t i v e  a c t i v i t y  o f  Piaptomus le p to p u s  by th e  c l a d o c e r a n  
p o p u l a t i o n  i s  i n d i c a t e d .
7.  Metasomal l e n g t h s  o f  a d u l t  male P . le p to p u s  were s m a l l e r  than  
th o s e  r e p o r t e d  i n  th e  l i t e r a t u r e .
8 .  The p o s s i b l e  mechanisms o f  o v e r w i n t e r i n g  i n  t h e  absence  o f  
w i n t e r  eggs a re  d i s c u s s e d .
I n  c o n c l u s i o n  i t  i s  obv ious  t h a t  d e s p i t e  u n fa v o u ra b le  c o n d i t i o n s  o f
a temporary  pond, Piaptomus l e p to p u s  has  adap ted  s u c c e s s f u l l y  i n
c o l o n i z i n g  such an u n p r e d i c t a b l e  env i ronm en t .
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Appendix 1.
Chemical  A n a ly s i s  Summary 
L o c a t i o n :  Temporary Pond -  S u r f a c e  Sample
D a t e : March 4 7 11 16 21 28
A l k a l i n i t y
Hydroxide - 0 0 0 0 0
Carbona te - 0 0 0 8 10
B ic a rb o n a te - 75 85 90 84 90
TOTAL - 75 85 90 92 100
Carbon Dioxide  (F re e ) 10 10 15 15 15 10
C h lo r i d e  as Cl - 35 - 44 39 47.5
Copper 0 .1 1 0 .17 0 .32 - 0 .3 2 0 .2
F l u o r i d e - 0 .36 - - 0 . 6 4 0 .65
Hardness
Calc ium “ 60 110 109 101 120
Magnesium - 25 30 29 31 40
TOTAL - 85 140 138 132 160
I r o n 0 .45 0 .77 0 .73 .. 0 .6 8 0 .33
Manganese 1.82 1.15 0 .2 0 - 0 . 2 5 0 .2 0
N i t ro g e n
N i t r a t e 0 .38 1.19 0.968 0 .396 0 .308 0 .23
N i t r i t e 0 .008 0 .02. 0 .019 0 .003 0 0.008
TOTAL 0.388 1.21 0.987 0.399 0 .308 0.238
D is s o lv e d  Oxygen 12 9 .5 11 12 13 12
pH 8 .0 8 .0 9 .0 9 .5 9 .2 8 .0
Phosphate
Ortho - 0 .1 1 0 .06 0 .09 0 .2 1
Meta _ 0 .05 0 .08 0 .1 2 0 .13
TOTAL - 0 .16 0 . 1 4 0 .2 1 0 .3 4
S i l i c a • 2 .6 3 . 4 1 .6 0.09
S u lp h a t e 77.5  43 72 - 58 74
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Appendix 1 . ( C o n t i n . )
D a t e : Apr! 1 4 11 18 22 25 29
A l k a l i n i t y
Hydroxide 0 0 0 0 0 0
C arb o n a te 0 0 0 0 0 0
B i c a r b o n a te 100 118 148 150 135 170
TOTAL 100 118 148 150 135 170
Carbon D iox ide  (F re e ) 10 10 10 10 15 15
C h l o r i d e  as Cl" 40 35 39 85 39 85
Copper 0 . 3 2 0 . 5 0 . 5 0 .2 7 0 .21 0 .1 5
F l u o r i d e 1 .45 1.33 1.66 1 .60 1.21 0 .6 6
Hardness
Calcium 120 146 155 100 161 151
Magnesium 10 42 45 100 47 69
TOTAL 130 188 200 200 208 220
I r o n 0 . 4 9 0 .3 3 0 .4 5 0 .3 5 0 .3 5 0 .6 5
Manganese 1 .4 0 2 .10 1 .45  ' 1 .95 0 . 8 5 1.79
N i t r o g e n
N i t r a t e 0 .2 8 6 0 ,413 0 .3 9 9 0 .2 2 0 0 . 2 6 4 0 . 35:
N i t r i t e 0 .0 1 8 0 0 0 0 .0 0 2 0
TOTAL 0 . 3 0 4 0 .413 0 .3 9 9 0 .2 2 0 0 .2 6 6 0 . 35:
D i s s o l v e d  Oxygen 12 12 9 11 9 5
PH 8 . 7 8 .8 8 . 8 9 . 0 8 . 9 8 . 0
P hospha te
O rtho 0 .0 7 0 .0 7 0 .0 7 0 . 1 1 0 . 0 4 0 .0 8
Meta 0 . 0 4 0 0 . 0 5 0 . 1 9 0 .0 1 0 . 0 6
TOTAL 0 . 1 1 0 .0 7 0 .1 2 0 . 3 0 0 . 0 5 0 . 1 4
S i l i c a 1 .0 0 . 8 0 . 2 8 0 .2 7 0 .5 0 0 .1 8
S u l p h a t e 72 95 .5 9 5 .5 106 100 87
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Appendix 1. (C o n t in . )
D a t e : May 1 5 8 12 15 19 22
A l k a l i n i t y
Hydroxide 0 0 0 0 0 0 0
Carbonate 0 0 0 0 0 0 0
B ic a rb o n a te 180 180 210 230 210 220 170
TOTAL 180 180 210 230 210 220 170
Carbon Dioxide (F ree ) 10 15 15 15 15 15 10
Chloride,  as Cl" 40 40 35 37 60 87 40
Copper 0 .42 0 .2 4 0.21 0 .21 0 .2 0 0 .21 0 .13
F lu o r i d e 0 .87 0 .8 4 0 .69 0 .8 0 0 .6 6 0.69 0 . 8 4
Hardness
Calcium 150 130 170 190 190 170 160
Magnesium 70 80 70 15 30 60 40
TOTAL, 220 210 240 205 220 230 200
I r o n 0 .8 0 0 .52 0 .50 0 .8 2 0 .65 0 .55 0 .8 0
Manganese 2 .53 1.05 1.60 0 .5 0 0 .4 0 0 .68 0 .58
N i t ro g e n
N i t r a t e 0 .0 4 4 0.396 0.220 0 .088 0.132 0.220 4 .40
N i t r i t e 0 0 0 0 0 0 0.013
TOTAL, 0 .044 0.396 0 .220 0 .088 0 .132 0 .220 4.413
D is s o lv e d  Oxygen 5 8 7 4 5 8 6
pH 8.9 8 .7 8 .7 8 .7 8 .7 8 .9 8 .7
Phosphate
Ortho 0 .11 0 .0 6 0.06 0 .02 0 .07 0 .0 6 0 .0 1
Meta 0 .05 0 .01 0 0 .09 ■ 0 .0 5 0 0 .01
TOTAL 0 .16 0 .07 0 .06 0 .11 0.12 0 .06 0 .0 2
S i l i c a .0.10 0 .22 0.15 0.23 0.48 0 .3 4 0 .32
S u lp h a t e 60 74.5 69 54 56 54 45
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Appendix 1. (Contin.)
D ate :  May-June 26 29 2
A l k a l i n i t y
Hydroxide 0 0 0
C arbonate 0 0 0
B ic a rb o n a te 180 11.0 142
TOTAL 180 110 142
Carbon Diox ide (F re e ) 10 10 10
C h lo r i d e  as Cl" 35 45 50
Copper 0 .36 0 .42 0.2.0
F l u o r i d e 0 .69 0 .8 4 0 .62
Hardness
Calcium 140 100 113
Magnesium 60 50 50
TOTAL 200 150 163
I r o n 0 .82 0 . 9 4 1.69
Manganese 0 .40 0 .46 0 .13
N i t ro g e n
N i t r a t e 0 .352 0 .4 8 4 0.48^
N i t r i t e 0 0 .018 0
TOTAL 0.352 0 .502 0.48^
D is s o lv e d  Oxygen 9 11 5
p H 9 9 8 .5
Phospha te
Ortho 0 0.01 0 .0 2
Meta 0 .06 0 .1 0 0 .23
TOTAL 0 .06 0 .11 0 .25
S i l i c a 0 .39 0 .57 1.32
S u lp h a t e 43 44 37
5 9 11
0 0 0
0 0 0
172 230 220
172 230 220
10 15 20
30 60 50
0 .17 0 .17 0 .21
0 . 0 7 1.09 0 .9 0
130 160 190
50 60 40
180 220 230
2.07 1.84 1.95
2 .50 1.10 1.52
0.528  0 .708  0 .7 0 4
0 .022  0 .031  0 .031
0 .550  0 .739  0 .735
3 .2  4 6 .2
8 . 5  8 8 .8
0 .02 0 .0 4 0 .07
0 .0 4 0 .13 0 .1 0
0 .06 0.17 0 .17
— 3 .6 3 . 4
25 25 18.5
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Appendix 1. ( C o n t in . )
Date:  J u n e - J u l y 16 18 23 26 30 3
A l k a l i n i t y
Hydroxide 0 0 0 0 0 0
Carbona te 0 0 0 0 0 0
B ic a rb o n a te 210 240 215 190 220 225
TOTAL 210 240 215 190 220 225
Carbon Dioxide  (F ree ) 15 15 18 20 25
C h lo r i d e  as Cl" 75 60 70 55 45 70
Copper 0 .03 0 .29 0 .17 0 .21 0 .3 5 0 .0 6
F lu o r i d e 1.11 0 .62 0 .99 0.07 1.13 0 .97
Hardness
Calcium 180 160 140 190 140 185
Magnesium 40 40 •94 40 70 35
TOTAL 220 200 234 230 210 220
I r o n 1.42 1.84 0 .6 0 1.01 0 .8 9  . 1.15
Manganese 0 .68 0 .51 0 0 0 .2 5 1.29
N i t ro g e n
N i t r a t e 0 .4 8 4 0.748 0.440 0 .748 0 .352 0.831
N i t r i t e 0 .032 0 0 .02 0.031 0 .015 0
TOTAL 0.516 0 .748 0 .460 0 .779 0.367 0.831
D is so lv e d  Oxygen 9 5 8 4 7 7
pH 8.8 8 .7 8 .8 8 .6 - 8 .8
Phosphate
Ortho 0 .11 0 .31 0 .07 0 .07 0 .0 2 0 .12
Meta 0 .17 0 .18 0.31 0 .07 0 .0 5 0 .41
TOTAL 0.28 0 .49 0 .38 0 . 1 4 0 .07 0 .53
S i l i c a 4 .2 3 .3 1.1 1.7 0 . 8 1 .0
S u lp h a t e 49 .0 52 .5 74.5 69.0 50 .5 41 .0
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Appendix 1. ( C o n t in . )
Date :  J u l y 7 10 14 17 21 24
A l k a l i n i t y
Hydroxide 0 0 0 0 0 0
C arbona te 0 0 0 0 0 0
B ic a rb o n a te 60 60 20 49 55 50
TOTAL 60 60 20 49 55 50
Carbon Dioxide (F ree ) 20 5 15 10 0 15
C h lo r i d e  as Cl" 105 85 90 115 62 81
Copper 0 .13 0 .48 0.03 0 0 .2 1 0 .03
F lu o r i d e 0 .20 0 .41 0 0 0 -
Hardness
Calcium 150 170 120 104 209 282
Magnesium 90 60 75 179 249 116
TOTAL 240 230 195 283 454 398
I r o n 3 .9 3 . 4 5 .9 7 .8 2 .4 4 .8
Manganese 0 .51 0 .4 0 0 0 0 0
N i t ro g e n
N i t r a t e 1.496 1.232 2.948 4.05 , 1.98 2.73
N i t r i t e 0 . 0 0 .003 0 0 0 0
TOTAL 1.496 1.235 2.948. 4 .05 1.98 2.73
D is so lv e d  Oxygen 5 6 9 13 16 14
pH 8.6 8 .9 9 9 .2 9 .6 9 .5
Phosphate
Ortho 0 0 .1 2 0.21 0 .11
Meta 0 .32 0 .28 0 .27 - 0 -
TOTAL 0.32 0 .40 0 .48 ' - 0 .11 -
Silica 1.5 1 .0 1 .0 0 .97 0 .7 4 1 .14
S u lp h a t e 50.2 72 77.5 54 32 141
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Appendix 2.  C h lo r o p h y l l  .a (mgC/m ,x  = 22 .4 )  -  Column 1
Gross  p r im ary  p r o d u c t i o n  (mgC/m^/hour,x—433.9)  Column 2
Date 1 2 Date 1 2
11/03 /70 5.71 - 19 /05/70 2.49 187.7
16 /03 /70 5 .55 - 22 /05 /70 1.44 75.1
20/0 3 /70 12.94 - 2 6 /05 /70 1.41 112.6
25/03 /70 3 .46 - 29 /05 /70 2 .4 4 112.6
28/03 /70 3.37 0 2 /0 6 /7 0 - 150.1
1 /04 /70 3.93 187.7 5 /06 /70 6.99 337.8
4 /0 4 /7 0 6 .04 37 .5 9 /0 6 /7 0 16.26 2140.0
8 /0 4 /7 0 1.49 37 .5 11/06/70 31 .97 616.2
11/04/70 1.01 112.6 17/06/70 58 .34 222.8
15/04 /70 1.04 37 .5 23/06 /70 85.32 431.6
18/04/70 2.51 35.1 26 /06 /70 81.25 231 .4
22 /04 /70 3 .03 112.6 30 /06 /70 43.06 526.8
25 /04 /70 3 .86 37 .5 3 /07 /70 127.0 550.5
29 /04 /70 2.98 225.2 7 /07 /70 - 703.9
1 /05 /70 4 .76 150.1 10/07/70 58 .4 786.0
5 /05 /70 2 .14 112.6 14/07/70 55 .65 1701.6
8 /0 5 /7 0 2.65 150.1 17/07/70 - 598.6
12/05/70 2 .84 262.8 21/07 /70 29.22 2439.8
15/05/70 2.78 75.1 24/07 /70 111.46 780.7
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Appendix 3 .  Abundance o f  Piaptom us le p to p u s
Date N 1 and N 2 N 3 N 4 and N 5 N 6
15/4/70 10 5 1 -  ■
18/4/70 7 12 11 -
22/4/70 9 5 5 -
25/4/70 12 7 34 11
29/4/70 1 - 9 7
1/5/70 - - 4 4
C 1 C 2 G 3 C 4 G 5 C 6
29/4/70 40 32 2 0 0 0
1/5/70 8 16 50 22 0 0
5/5/70 2 4 2 18 2 12
8/5/70 4 2 2 ' 4 2 4
12/5/70 0 2 0 14 20 46
15/5/70 0 0 0 0 4 18
19/5/70 0 2 0 0 4 2
22/5/70 0 0 0 0 . 12 40
26/5/70 4 0 0 0 6 28
29/5/70 0 2 0 0 4 18
2/6/70 0 0 0 0 0 8
5/6/70 0 0 0 6 18 18
9/6/70 0 0 0 0 12 24
11/6/70 0 0 0 4 2 6
16/6/70 0 0 0 10 22 18
18/6/70 0 0 0 0 2 8
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